The TOBTOT's design was grounded in a syncretic theoretical framework. Syncretism refers to merging and analyzing originally discrete traditions, asserting an underlying unity, or reconfirming an underlying discontinuity with more clarity. We argue that such syncretic approaches, when combined with constantly checking against the data, are important to the emerging discipline of research on learning in informal learning settings.
Observing Biological Talk Over Time
Research on dialogically-based scientific sense making has been central to classroom research for some time (A. Brown et al., 1993; Moje et al., 2001; Warren et al., 2001; Wells, 1999) , but such research is still relatively new to outof-school settings. A growing field of scholarly research is now exploring how people talk and interact in non-classroom learning settings such as museums and aquaria (Ash, 2004; Barton, 1998; Leinhardt, Crowley & Knutson, 2002; Paris, & Ash, 2002) . In past research, the authors have focused on the ways mixed-age, collaborative groups make sense of life science (Ash, 2002 (Ash, , 2004 Ash, Loomis & Hohenstein, 2005; Crain, 2005) . The research described in this paper continues this emphasis by describing a newly developed formalized tool that traces learners' use of biological themes over time (Ash, in press b) . The authors' collective goal is to document, trace, and analyze biological sense making, as it happened over time, even though such moments are fleeting and seem to evaporate (Wertsch, 1998) .
The Tool for Observing Biological Talk Over Time (TOBTOT) is a theoretically-informed, yet practical, system for digesting and coding large quantities of data in manageable and defensible ways, both in real time (over several hours) and across time (days, months, years). The TOBTOT was designed, tested and redesigned to quantify qualitative data, to capture both holistic and particularistic aspects of collaborative discourse, and to recognize software to organize and quantify results, which are used alongside ethnographic data, specialized interview techniques, and case study material. The TOBTOT categorizes dialogue into major biological themes and sub-themes, allowing researchers to document the ebb and flow of collaborative biological talk over the course of one or more events. Such characteristics help researchers document the social and disciplinary resources people actually do draw upon, as they talk science (Lemke, 1990) .
The TOBTOT's design was grounded in a syncretic theoretical framework. Syncretism refers to merging and analyzing originally discrete traditions, asserting an underlying unity, or reconfirming an underlying discontinuity with more clarity. We argue that such syncretic approaches, when combined with constantly checking against the data, are important to the emerging discipline of research on learning in informal learning settings.
In the sections below, we first situate the development of The TOBTOT theoretically and provide an orientation to its purposes; second, describe what The TOBTOT can do as well as its limitations; and, finally, situate this research within three epistemic tensions: particularistic and holistic data collection and analysis, qualitative and quantitative representations, and everyday and formal science discourse.
Theoretical Underpinnings
Several theoretical traditions inform our methodological decisions. Following Vygotsky (1987) , language is viewed as the pre-eminent tool for learning and teaching. Such assumptions are based on the idea that conversation is both emergent and structured (Halliday, 1975; Halliday & Hasan, 1985; Wells, 1993 Wells, , 1996 . Following Bakhtin (1986) we view dialogue in terms of "multiple authorship of…all texts, written or spoken," (Wertsch, 1991, p. 49) . Lemke (1998) expressed such views succinctly saying, "All language in use, whether spoken or written, is explicitly or implicitly dialogical…it is addressed to someone, and addresses them and its own thematic content, from some point-ofview" (p. 181). Such theory suggests that talking, listening, responding, gesturing, interacting with others and with the artifacts and living objects in museums and aquaria are central activities in making sense of science.
Key aspects of such research include identifying and tracking the quality and quantity of scientific subject matter content. The development of science concepts within dialogic contexts has been reported in classrooms (Kelly & Chen, 1999; Warren et al., 2001) ; similar research has been less evident in informal learning settings. Classroom researchers have found it useful it to look for thematic patterns (Ash, in press b; Lemke, 1990) to understand the development of science content. Lemke (1998) has suggested that the "direct uses of scientific concepts can be directly sampled, assessed, and compared…[but] you need to be familiar with both the subject matter content of the discourse or text, and with the semantics…at the level of Halliday (1985) and Hasan (1984)" (p. 184) . We are reminded that content and dialogic process need to be studied in tandem in order F o r P e e r R e v i e w O n l y 6 Talk, Tools, and Tensions to fully understand collaborative scientific sense making. Once we accept the importance of tracing thematic content, it is necessary to explore the question of 'which counts as thematic scientific content,' the formal science language of school, the informal language of everyday settings, or a combination of both (Ash, in press b) .
The 'knowing' of biological content as themes (such as reproduction, adaptation, or interdependence) is often associated with specialized language, representation, and references. Such specialized language prevails in school settings, but not necessarily in museums, homes, or in community centers. We have seen in past research that people draw on a variety of cultural, social and linguistic resources in making sense of science in social learning contexts (Ash, 2004; Gutierrez, Baquedano-Lopez, & Tejeda, 1999) . The research described in this paper has recognized science discourse in many forms. Such resources have sometimes been called everyday 1 language and understandings. The TOBTOT was designed to be sensitive to multiple scientific discourses.
Beyond tracing scientific themes, dialogic analysis demands organizing data into quantifiable parts, inevitably engendering discussion about 'what counts' as a reliable part. One common method is to segment talk into its functional pieces as Initiation-Response-Evaluation (IRE) exchanges (Cazden, 2001; Mehan, 1 By everyday resources, we mean the spontaneous, ordinary understandings typical of non-scientists gleaned from television, newspapers, friends, school and many other distributed sources of knowing, which enable learners to create a dialogue with exhibits, one another and with the overall setting. (Sinclair & Coulthard, 1975; Wells, 1993) . The data presented in this paper include multiple overlapping initiations and responses inherent to naturalistic conversation. Thus, the IRE/IRF technique did not provide a system of organization able to address our questions about the multivoiced nature of scientific meaning making.
Researchers have also organized dialogue into a complex hierarchy of speech units, including episodes, sequences, exchanges and moves (Halliday & Hasan, 1985; Nassaji & Wells, 2000; Wells, 1993) . While these tiered segments showed promise for reliably breaking down family conversations, for the research reported here the boundaries of such units were rarely clear. The orderliness of the classroom (where such methods for breaking down talk evolved) was not present in our data.
Pragmatics and interactional sociolinguistics also offer methods for segmenting conversation by looking at what people do with language, often by deconstructing a conversation into action segments (sometimes referred to as message units) (Gumperz, 1982; Schiffrin, 1994; Scott et al, 2001 ). This framework cannot, however, organize data into discrete units for reliably coding conversational movement through biological themes, although it did strongly influence our designs for segmenting.
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Method

Data Collection
Data were collected over three years with twenty Spanish-speaking and English-speaking family groups in a marine biology center in northern California.
Each family included one child between the ages of four and six, one child between the ages of eight and eleven, and at least one parent. Families were recruited from a local Head Start program 2 . Visits ranged from twenty to eighty minutes. All conversations at the same four exhibits were video-and audiorecorded, and were transcribed in both English and Spanish. Data collection was naturalistic (Ash, 2004; Moschkovich & Brenner, 2000) ; a Spanish-speaking biologist served as a bilingual mediator. Ethnographic notes augmented the data.
There was no material embodiment (Wells, 2002) of activity, such as a concept 2 Head Start is a comprehensive child development program funded through the U.S. Department of Health and Human Services that assists children from birth to age 5, pregnant women, and their families. Head Start is a child-focused program with the overall goal of increasing the school readiness of young children in low-income families. (Gass & Mackay, 2000) post-interview, during which family members reflected, on camera, on selected video clips of their just-finished visit. This method allowed researchers to 'checkin' with in-the-moment interpretations of family talk (e.g., "Did you say 'that shrimp undressed here?'" or "You stared at this tank alone for a long time; what were you thinking?"). Family members communicated on different levels and in diverse ways as they moved through exhibits as an ensemble Granott, 1998) , diverging and reconfiguring regularly. These natural variations generated a broad range of talk patterns.
Coding Thematic Segments
The TOBTOT first appeared in nascent form as thematic continuities in the Communities of Learners' research classroom (Ash, 2002; A. Brown, et al., 1993) . A sample of this simple code is provided in Table 1 .
Insert Table 2 .
Insert Table 2 here
The developers of the TOBTOT were well versed in the structure of the discipline of biology, and therefore were attentive to the interaction of biological themes. For example, when a family discussed the size of an organism, it was not the independent topic 'size' alone that we considered biological, rather, it was the relation of the family discussion about size to other biological concerns we found relevant. The comment, "Oh, look how small it is; it must be the baby," is very , a traditional measure for reliability of coding interview or laboratory data to standardize coding across researchers, the data analysis process resulted in varying degrees of reliability. Fortuitously, these results provided the opportunity to explore multiple methods for coding a complex data set, and to grapple theoretically with the three tensions that are presented later in this paper.
Conversational Segmenting
Our analytic framework includes guidelines for breaking transcripts into topically-related conversational segments as well as for maintaining content, speakers, and location as much as possible. This segmenting scheme was 3 The measure of reliability used was directly exported from Callanan's collaborating psychology research laboratory. Cohen's Kappa is used to calculate the degree of agreement between coders while correcting for chance agreement. Although common in peer-reviewed educational research, uncorrected, or 'just agreement' percentages (i.e., number of agreements/ total number of coded pieces), do not take into account the part of the observed agreement that is due to chance. In psychology journals a Kappa of .7 or better is generally accepted, but a standard of .85 is highly regarded as an indication of high validity, or match between coders. segmenting techniques already discussed in the theoretical framework. Such segments preserve the complexity of conversation by separating key shifts in ideas and focus, rather than simply breaking the conversation into utterances.
Analysis/Results
Macroanalyses.
The TOBTOT allowed us to meet our goals to: analyze complex dialogic data, find ways to accurately represent such dialogic data in 'easy to see' graphic forms, to characterize and abstract biological 'content', and to compare such aspects across families, exhibits and time. The TOBTOT also generated many new research questions.
There are many different ways to use the TOBTOT; we illustrate several with the three examples follow. Figure 1 is that Staying Alive talk, when it does occur, tends to occur after the Classifying and Ecological Talk within dialogue at the same exhibit.
Such trends provide 'hard' evidence for the claims of museum practitioners (as well as classroom researchers) that naming, using prior knowledge, and making personal connections must occur before the formal science can begin. Graphic representations such as Figure 1 , therefore, can provide compelling evidence that people use different, yet specific, traceable and quantifiable, forms of science talk to access the 'biology' at individual or across multiple science exhibits.
The TOBTOT allowed the analysis to track ideas and utterances that might have been ignored if we had adhered to a strict form of thematic coding that focused exclusively on scientific language. The data indicate that, in actuality, ordinary Characterizing talk, such as, "What is that?" is central to furthering scientific talk. Characterizing processes such as, "What is it?" involve more than just 'naming', or matching word to object; it is often followed by talk about other fundamental properties of that object, such as its food and how it hides (Staying Alive) (Ash, in revision). Naming and classifying, then, allow people to relate to unfamiliar organisms as well as to begin to build a more detailed picture of the characteristics of organisms. This finding is in agreement with previous studies of The TOBTOT-generated graphic patterns also point to how a category, such as Feeding (Staying Alive), changes over time, often acting as a leitmotif during hour-long visits. In such cases, questions (for example about feeding) can permeate time and context, often acting as a central core of dialogic negotiation (Ash et al., 2005) . Other such patterns (taxonomic relationships, alive vs. dead) also act as thematic continuities (Ash, 2002) , appearing repetitively in dialogue (Ash, 2004 , in press b). Such findings also prompted us to investigate the special role of living things as mediational means in dialogic activity, using a syncretic activity theory and psychological essentialism framework (Ash, in revision) . Differences between living and non-living mediational means in such activity contexts appear pivotal to learning interactions. We are currently investigating these findings in greater detail.
Insert Figure 2 Insert Figure 3 Microanalyses.
The development and use of the TOBTOT has also uncovered essential tensions inherent in microanalysis of the same data. To stretch the limits of our analytic tool, to expand the norms of our fields, and to negotiate important goals for our research program, we noticed areas of tension between representing holistic and particularistic aspects of dialogue, quantifying qualitative data, and (Lemke, 1998) , as well as part of a dance between a theoretical stance and the actual configuration of naturally occurring data. Discussions of each essential tension follow in three parts.
Holistic vs. particularistic treatment of conversational data.
The task of drawing boundaries in our segmenting process proved challenging. The standard protocol included two coders dividing the same piece of transcript into segments, before thematically coding segments. All coders used a mutually-agreed-upon and highly-refined set of rules for determining the endings and beginnings of segments. Attempts by different coders to segment the same data to check for agreement still sometimes yielded mismatched results.
Example 1 shows how one piece of conversation can be broken down in two equally justifiable ways. Multiple segmenting pathways acknowledge the ambiguity of achieving conversational regularity the data required; this conflicts with the simultaneous need for meeting the standard of validity for the use of Cohen's Kappa.
Insert Example 1
Representing qualitative data quantitatively.
Assigning codes to units of 'topically discrete conversations' obscures, necessarily, what was actually said, and leaves behind a more generalized level of focus. Viewing our data through this mathematical lens tends to both Segments like these are distinctively different from canonical science talk, yet it is important to recognize that the general observations these families made were predicated on scientific principles. These families live in a world dominated by cultural scripts based upon common scientific understandings. Their 'everyday' bantering is infused with normalized explanations about the world.
The ideas that animals have names, belong to particular groups, have babies, need food, and are alive, are underlying assumptions that clearly guide how people see the world. They are so well-known, in fact, that it is easy to overlook the fact that they are also the basis of formal scientific thinking and discourse. Such seemingly simple statements draw on incremental assumptions about the world that align these families with the scientific community.
While looking for how 'everyday' talk is transformed into 'scientific' talk is theoretically justified, it misses much of the work that these families did during their conversations in the museum. The data revealed how families used multiple resources to talk and act in new ways, and the use of these resources were dynamic, social, and discontinuous, not linear, direct or clear. The TOBTOT was able to code discrete patterns across families, but was not yet able to illuminate Agreeing on what the people are talking about is relatively simple. The difficult part of coding dialogic conversation proved to be delineating the edges of when, where, and who constituted that talking. An individual semiotic segment of conversation is definable only by the construction of boundaries that enclose the 'segment'. We did not draw our boundaries arbitrarily, but rather chose the edges according to our interests. The paradox of this justification is that such 'segments' persist (defined by the boundaries used to define them) only by interacting in the larger discursive environment within which they are embedded. Thus, each 'segment' is 'part' of something greater (Bakhtin, 1986; Lemke, 1995 Lemke, , 2000 . The arbitrary narrowing of focus made it challenging to define the parameters and Learning researchers and museum educators find graphs to be tangible tools, both colourful and seemingly easy to interpret. Since our research is predicated on the application of theory to practice, strong interest in graphs by practitioners in the museum field are a gratifying outcome of using the TOBTOT. it means when particular groups tend to be unsuccessful in science, and 'how' a person needs to experience science in order to learn it. If science, as a way of thinking, is qualitatively the same as so-called 'everyday' ways of thinking, then it is necessary to recognize that science is a cultural practice (Aikenhead, 1996; Brickhouse et al., 2000; Lemke, 2001; Moschkovich & Brenner, 2000) . (Ash, 2004; Warren et al., 2001) . These studies position 'everyday' and 'scientific' language and thinking along a continuum, rather than as discontinuous or mutually exclusive cognitive states. Focusing on continuities between situated everyday and formal academic science assumes students have a chance to succeed in school science and to access the 'culture of power' necessary to enter science as a professional domain. Such research also reformulates ideas about what it means to learn science. Rather than seeing science learning as just a 'cognitive' task, it allows researchers to see how learning science is also a product of particular social practices and cultures, and of changing identities, values, and culturally valued ways of thinking about the world (Barton, 1998; Lemke, 1990) .
Studies noting the continuities and points of overlap between everyday
Science educators sometimes ask: "Where is the science?," believing that without the typical words of science, there is no science. Given the complexity of scientific thinking, the development of the TOBTOT was approached with great
care. Yet, if the TOBTOT were to assess science learning by only looking for the development of a canonical science vocabulary, the real learning of biological processes and principles in which the families were engaged would go unrecognized. The TOBTOT is a means of equalizing everyday and scientific talk by not privileging the presence of one over the other, by honouring actual words that family members used and situating them within a proto-scientific framework.
Others have already questioned the unidirectional linearity that moving from 'everyday' to 'scientific' implies. These researchers have focused on the Barton et al., 2004) , identity (Brown, 2004) , and hybrid language practices (Gutiérrez et al., 1997; Gutiérrez et al., 1999) to understand how learners creatively negotiate agency within the discipline of science for different purposes.
They posit that all situations assume forms of 'hybridity' and argue that hybridity needs to be reframed as a resource to capitalize on, rather than as a roadblock. By looking holistically and documenting how people activate resources in both traditional and non-traditional ways, the TOBTOT begins to break down the notions of deficit that so frequently misframe and misperceive people and their cognitions of experience.
Conclusion
The TOBTOT is a powerful tool; it has helped organize quantities of data and create an overview of how people make sense of biology, while juggling the complexity of acknowledging hybridity of everyday and scientific language and understanding. These new understandings have, however, created new questions, inspiring us to design new ways to analyze our data. The TOBTOT allows us to 'see' what people talk about with greater precision than researchers have provided heretofore. While never intending for the TOBTOT to be all-encompassing, the growing mismatch between the TOBTOT and our goals has revealed the limits of our tool, considering the broad scope of our research expectations.
The explorations delineated here are part of the expected process of collecting and analyzing data. The TOBTOT is a tool for coding large amounts of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The TOBTOT, as many other analytic tools, is not the 'right way' to analyze data. We can only work to make research decision points and epistemic tensions more conscious and transparent, even when analyzing dialogic data in the blooming, buzzing world of museums and aquariums. While our research concentrates on a particular corpus of data, other researchers will benefit from these insights and from looking closely at their own epistemic tensions. If researchers are to make sense of the data they collect, and if they are to convince others that science is truly being learned in settings outside the classroom, they must contend with the strengths and weaknesses of their research methodologies, acknowledging their limits and enjoying their benefits. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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